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ABSTRACT

The first part of this paper provides a brief tutorial introduction
of the r3ayesian Approach to identification of a remotely sensed environ-
ment. The second part describes the input data deck setup for the Fortran
TV program which has been written to implement this approach. The third
part describes file usage and subroutine organization. The fourth part
provides a listing of the program with a simple sample data set.
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PART I

THE BAYESIAN APPROACH TO IDENTIFICATION

OF A REMOTELY SENSED ENVIRONMENT



I. THE BAYESIAN APPROACH TO IDENTIFICATION

OF A REMOTELY SENSED ENVIRONMLNT

Using remote sensors we can make measurements of an environ-

ment. The set of measurements made will be cailc.! the data set. Our

Job is to examine the data set in order to identify what the ernvironment

is made up of: our problem is how should we do it? In what follows

we describe the Bayesian decision approach with a deterministic decision

rule.

We assume that distinct boundaries enclose a limited environment,

which is made up of small-area patches, one next to the other. The

identification of the environment consists of identifying each small-area

patch within one category of a given set of categorip#;. We assume that

such an identification is sensible and possible.

In order to make any identification we must have knowledge con-

cerning which kind of measurements are typical measu:ements of the

categories we wish to identify. This knowledge is succinctly contained

in a classification, which is a mapping, associating with each measure-

ment the category to which it is most typical - given a specific decision

criterion. Therefore, if we are to identify measurements in a data set

we must have a classification.

How do we obtain a classification? We perform an information

gathering experiment. From the population of all eovironmcnts, we

sample one or d few in which it is possible to identify many small-area

patches within each category of interest. The proportion of occurrence

of each category in the sampled environment(s) does not have to be

representative of the average probability of occurrence of each category

in the entire environmental population. Hlowever, if we have no Infor-

mation regarding the average probbility of occurrenco of each categor/

in the environmental population, thu, we would want to choose the

sampled environment(s) so that the proportion of occurrence of each

category in the sampled environmiot(s) is an unbiased estimate of the



average probability of occurrence of each category in the environmental

population. In either case, the small-area patches within each of the

sampled environment(s) do have to be representative of the categories

with which they are identified.

With each of our sensors, we measure each small-area pdtch in

the chosen environments. From photo-interpretation or field studir 7,

the environments are examined first hand, and an identification of each

small-area patch is made. The sequence of such identifications is

called the "ground truth identification" or simply "ground truth". It is

from the data set (the sequence of rnmasurements ) and the ground truth

(the sequence of identifications) that we can find a Bayes classification.

At this point we must introduce some mathematical notation.

LetC =C {ci}K be the set of K given categories; ci is the symbol used
i= 1

for the ith category. We suppose, for convenience, that each sensor

produces only one number for each measurement it makes of a small-

area patch We suppose further, that the jth sensor must produce a

number belonging to Its range set L = {lj1, l1J2 .... 1jNj}. This

supposition is fully in accord with reality, since the output of any

sensor is always equivalent to a pointer-reading on a dial. Pointer-

readings can never be discerned precisely, and are thus discerned

approximately to third, or fourth, or, .... ,Nth place accuracy.

Measurement space M is the set of all measurements which are

possible to make with the set of S sensors. M is conveniently described

as the cdrter-Jan product of the range sets; M = LI x L2 x. . . xL. This

is the set c,& measurements which contain for elements, all the possible

numbers produced by sensor one, co,,,'-.ned with all the possible numbers

produced by sensoi two ..... combined with all the possible numbers

produced by senwor S. For convenience we number the measuruments in

M; M -{mnnIN , where N is th-. totai numb-r of elements in mea3urentent
n-1

space. Finally we must providt: a qoyiness criterion; thus, we introduce

a gain function g. g(c 1 ,c 1 ) i:n Qur economic yiain if we identify a measure-
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ment as belonging within the Ith category whe2n that measurement was

made of a small-area patch actually belonging within the j th catecory.

We have already mentioned that a classific.ation is a mapping or

rule which associates with each measurement mn in M, the category c

to which it is most typical - according to some decision criter.-In. Our

decision criterion is econo-nic; "most typical to" translates to, "that

association by which we, on the average, gain the most economically".

Therefore, according to our decision crit rion, we can Judge each possible

classification. That classification which enables us to qain the :.,ust,

on the average, is the classification which is best; it is that classification

which we wish to find.

Let us now examine how the average gain may be calculated. Let

f be a classification mapping. f is a function whose domain is the set

M, and whose range is the set C; f: M-C. For each element m n Mn
the function associates one and only one category c, c C. We define the

characteristic function hf for f as follows: for every m nI M, c 1 ! C.

hf(ciumn) = 1 Jf and only if f %m n - il

0 otherwise

In other words hf(cim n) is 1 if and only if the classification f identifies

the measurement m as belonginq within the catogory c1 . The average
n

gain A for the classification f is easily seen to )e:

K K N

i- l k=l n-1

where P(n Ici) is the conditional proobility' that the measurement mni mn

will be made of a small-area pitch tiw'rn that the patch belongs within

catt:gory cV, Pi) is th,: prouxbbility that any stra-ill-area pattch of the
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environments in the population belongs within category ci, and g(ck c£)

is the amount gained if a patch which actually belongs within category

ci is identified within category ck.

Of the four terms in the summation, g(ckDc ) is specified as part

of the identification goodness criteria, hf(ck' mn) is defined from the

classification f, P(mnIcx) will be determined from the data gathered in

the experiment, and P(ci; is an additional a priori probability which we

will have to specify. Let us now examine in detail how the conditional

probabilities are determined from the experimental data.

The data set iL. a sequence D of R measurements;

D m m I,...,Imr •

The ground truth corresponding to sequence D is a sequence T of R not

neceisarily different category identifications; T = <cr,1 c r2" . ,err) .

Lot * be the counting measure. #(D) is the number of elements in the

sequence D; thus, #(D) = R. A sequence is really a function whose

Iomain is the set of integers I. The data set D is then a function which

associates with each integer, a measurement; D: I - M. The ground truth

'1 is also a function and it associates with each integer a catcgory;

T: I -C. D(7), for example, is then just the seventh element in the

sequence D; D(7) = rn 7. D(m) is the set of all integers i for wl '-h
An

D(W) - m. The statistic P(mnilci) estimating P(m nIcl) is defined as

#(D-1(m.) • T-lie)) -d

1 . . .I when #(T- C

S0 otherwist



P(mn ci) is the number of integers which are associated with the measure-

ment mn in the sequence D and with the category ci in the sequence T,

divided by the number of integers associated with the category ci in

sequence T. Stated simply, P(m lci) is Just the number of times the

measurement mn was made of a small-area patch belonging within

category ci, divided by the number of times a small-a. patch belong.-d

within the category c..
IIThe a priori probabiliti(--s P(c i) can either be estimated from the

sampled data set (if this data set is representative of the population) or

from our foreknowledge of the population of environments. If we can

assume that the few environments we have chosen to sample for our

experiment are representative of LIN population, then

A #(T d(c.))
P(cd) -

R

is a reasonable estimate. If w% cannot mak.e such an assumption and we

believe thit a small-ared patch is just (s likely to belong within one
A

category as within another, tlhn (ci.) I/K is a reasonable estimate.
I A

liomn the estimdatc. ;(m '1 4.) and P(c.) we may estimate the
A (ii I I

average gain A for any classification 1. As before let hf be the

characteui.tic function for f.

hf(ckOMn) 1 if and only it f(11 ) -C

-. U oth~.wi;:

A~ A

i:-!I k- l nk

AP

W" k t ,' :; .;; .i!.I;t in •' -.vt0ii ma:imii'.es A. f" is

eas ily dcniinod. Fur -,winh ',., wi it N. ,1i1,, tor '!Iy chlossit ication f,a!



there will be- one and only one category cj such that hf(c mn) 1. Ccn--

sider the amount a(cj,mn) gained due to the identification of measurement

mn as belonging within category cj.

K

a(cm) : n g(c c)P(mni)P(ci

The maximum A(f) is certainly achieved if for each measurement mnn

f(mn) =cj where cj maximizes a (,min). Therefore we just have to

compute a(cj,mn) for j = 1, 2,..., K to determine which category, cY

maximizes it. Then we define f*(m) n c

In this manner we can define how to best identify each measurement

which actually occurred in the data sequence D. However, there may be

many measurements in measurement space M which did not occur in the

data sequence. How should these measurements be identified in the

classific-.tion? Since we have no data or statistics for these measurements

it seems that we have no way to deal with them! Here we must draw

upon our knowledge of the structure of reality. We know that in any

environment if a measurement m is made of a small-area patch belong.ig

within category cI, then it is ilkely to make measurements m + 6 for other

small-area patches which also belong within category c.V If a measure-

ment m is typical of category ci, then for small 6, m + 6 is also typical

of category ci. Similar or close measurements are usually associated with

similar or the same categories. Thus in the claisification we can identify

a measurement m, which did not occur in the data sequence, with the

category assocl ted with m', Its neirest neighbor.

The part of the classification f* which was defined by means of

the statistics generated by the experiment is called a Bayes Classification

and hence the name "Bayesian approach. " The part of the classification

which is not Bayesian is said to be etfined by a nearest neighbor search.

Acknowledgement: This work was supported by Project Themis (USAETL

Contract DAAK02-68-C-0089, ARPA order No. 1079).
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II. INPUT DATA DECK

The data for this program are received as a sequence of measure-

ments of small-area patches or objects with each measurement made by a

sensor or set of sensors. A measurement may be, for example, the average

backscatter power return from a small-area patch at incidence angles 5%, 10',
15°, 20, 30', 40°, 500, and 60'. In this case,each measurement has 8

components. The patches themselves are examined and identified as belong-

ing within one of several given categories. The sequence of such identifi-

cations Is called the "ground truth identification" or simply the "ground

truth." The Bayes program can determine a Bayes classification of measure-

ment space, based on the data and the grcind truth fur the data. Once a

classification is determined, the Bayes progfam can identify each measuie-

ment within a sequence of measurements. This identification Is done by a

nearest-neighbor search.

The input deck is organized into four sections: tttle, program options,

parameter cards, and format and data.

I. Title

A) The title section consists of a single card specifying the
name of the data. The title may begin in column one and

continue through column eighty.

II. Program Options

A) The program option section consists of two cards, the first

card specifying all the input options and the second card

specifying all the output options.

B) E,;ch option is a six-character abbreviation or code.

C) Th'! options start in column 16, are separated only by

corimmas (no rmbod !inq blank:;) and may appear in any

order.

D) Only input opt0-11; r.:ay tppoar on the Input card and only

output option:; :,-.tvappti on the output card.

1) Twh input :': ar,: tiOPr.s; GORPTS. FLTING,

1AERN, !IA(;W)N. ,;LFNIHFi, ABSQNT.

2) The output options are: ALTICH. STI3PNT. DPUNCIl

t't(•r''l t.•t•;T .,TERMNIN ..



III. Parameters

A) The parameter section consists of cards, the number of

which varies with the options chosen.

B) There are seven basic types of information which can pos-

sibly appear in the parameter section: gain matrix, dimen-

slonality of measurements, number of measurements in the

data set, number of categories in the classification,

display size, number of levels to which the measurements

will be quantized, and means of estimating thea prao'

probability distribution.

IV. Format and Data

A) There are two ways to organize the format and data: photo-

graphic form and corresponding-point form. Depending on

the options chosen, the ground truth identification and its

format may or may not be present. One and only one of the

two forms must be specified: otherwise, an error message

and termination of the job will result.

1) In the photographic form t-e data are organized as
follows:

a) format for identification (if any)

b) identification (if any) for measurement one, measuce-

ment two, ... ,imeas ]rement N.

c) format for measurements

d) component one, measu:eient one; component one,

measurement two;.. .;component one, measurement

N; component two, measurement one; component

two, measurement two;.. .;component two, measure-

ment N;.. .component. M, measurement one; ,-ompo-

nent M, measurement two;.. .;component M, mea-

surement N!.

2) In the corresponding-pint form the data are organized

as follows:

a) format for identification (if any) and measurements

8



b) identification (if any) for measurement one; compo-

nent one, measurement one; component two, mea-

surement one;...; component ý,, measurement one:

identification (if any) for measurement two; compo-

nent one, measurement two; component two, mea-

surement two;.., component M, measurement two:...

identification (if any) for measurement N; component

one, measurement N; component two, ineasu;ement

N;... component M, measurement N.

We now describe the options.

I. Input Options

A) PHOPTS -- is the abbreviation foi photographic form, and

is used when the data are in that form.

B) CORPTS -- is the abbreviation for corresponding point form,

and is used when the data are in that form.

C) FLTING -- is the abbreviation for floating point, and is

used when the data are punched on cards in floating-point

form. It is not used when the data are puncho,-i on cards

in integor form.

D) PATERN -- is the abbieviation for pattern classification by

Bayes' strategy. Use of this option will output a probability

matrix where elenment (i,j) is the conditional probability

that a tneasur.:mewnt which was idontified ds within the ith

ground truth catuqory is idontified in the classification as
thwithin the j category. A pch,,ui, 'k of the co:::pacted

quantized raeasarements v, ith thuir id ntifications in the

Bayes' classification will ,il ;o b,! produced.

E) i)IAGGON -- is the al, )Iviatiorn for 'iiaqoMal gain matrix

with oacs on th., ý!:,,iq ý:al. . Sp-v cific'atiof of )IA(;ON will

intternally qnunt, n i(:entity matrix for th- qain matrix.

This reliuk' !ý:; tA i,. * ,f th, n,,ed to supply the, appropriate

cards in the paramot.!r section.



r) H! FNHF -- is the abbreviation for half and half. Speci-

fication of HLFNHF will divide the data into halves: even

and odd points. The first, third,.. ., data points are used

to construct a Bayes' classification, and the second, fourth,

.... ,data points are identified on the basis of the classifica-

tion.

G) ABSQNT - is the abbreviation for absolute maximum

quantization. Specification of ABSQNT will quantize the

measurements by determining the minimum and maximum

values occurring among all the ,components, norma!izing

each component by subtracting ti.ýs minimum, dividing by

this maximum minus this minimum, and multiplying by

the number of quantized levels desired. If ABSQNT is not

specified, the program finds the maximum and minimum for

each component, and normalizes component by component.

II. Output Options

A) ALTPCH -- is the abbreviation for alternate punch. Speci-

fication of ALTPCH produces a punched quantized data

deck in the alternate form. If the data are in photographic

form, the punched deck will be in corresponding-point

fozm. If the data are in corresponding-point, the punched

deck will be in photographic-point form.

B) STDPNT -- is the abbreviation for standard identification

print out. Specification of STDPNT will print out the ground

truth identification.

C) DPUNCH -- is the aobreviation for punched deck. Specifi-

cation of DPUNCH will produce a punched quantized data

deck in the same form as the input data.

D) PHOUTI -- is the abbreviation for photograph output.

Specificetion of PI!OUTI will idantify data according to

a given classificatiun. The classificaition can be internally

generated by the Bayes routlit,, -r it can b)e externally

supplied in the data deck. Ientification is dono by a

10



table look-up procedure. If the quantized measurement

cannot be found in the classification, a nearest-neighbor

search is initiatd, and the measurement is identified

with the same identification as the closest measurement

to it in the classification.

If the input includes ground truth identification for a data

set and the data are further identified relative to a classi-

fication (by specification of PHIOUT1), then a contingency

table of the ground truth identification versus the classifi-

cation identification will be printed out. The (i,j)th ele-

ment of the table is the number of measurements which

were identified in the Ith ground truth category and classified
th

in the j ground truth category.

E) PHOUTD -- is the abbr,_viation for photograph output deck.

Specification of PIIOUTE) will produce a punched deck of

the identification which the photograph output routine

determined. PHIOUTD can only be specified if PHOUT1

is specified.

F) TERMNL Is the abbreviation for remote terminal format.

Specification of TERMNL will format -ll printed output

from the Bayes program so that each !- i,,as no mori,

than seventy columns, if TERMNL is not sp,ýcified, each

line is printed with one hundred thirty columns.

The generality of the program requires that the input parameters be

quite variable, depending on tht! typ,.- of data to b,! processed and the options

desired. Fcr example, th, PATERN optlon may or may not require the gain

matrix -: input depending on whethr oi not l)DIX ;ON was also specified.

To facilitate setting uIp the input I Iat.O, hk, a flow chart is illustrated in

Figuie la and lb.

The flow chart conttin:; tv,.• .;y:,hkdl;. T!1 first symbol is the

elongated circle (rectangle, witth i).i. :i.d , do,::) , which asks th,- question

printed i.i the circle and requir,,ý, a "true" or "false" answ',r. D,-pendlnci

upon the user's answer, one,, bron,' i!,; •hu-;,,n itiom the bottom of the circle.

I1!



The second symbol is the rectangle, which usually signals the

addition of a single data card. Data cards are added when rectangles are

encountered in the flow chart. Two exceptions to the "one-rectangle, one-

data-card" rule are the gain matrix and the data itself. If the gain matrix

is required (PATERN is specified and DIAGON is not specified), the user

must supply all the elements for the matrix. This will take up more than

one card if there are more than two ground truth identification groups. Simi-
larly, if there are more than eight measurements in the data set, the data

deck will have more than one card.

The final control card is the STOP card and is the last card in the
input deck. The four-character word STOP is punched in columns one

through four. The program is designed to handle more than one data set per

run, and the user may place behind the first (or second, or third, etc.) data

set the NAME of the next data set, the proper /INPUT and /OUTPUT cards,
and the other necessary parameter cards as specified by the flow chart. The

"STOP card is placed after the final set of data, and informs the system to
terminate the job. Excluding the STOP card or misplacing any control cards

will cause a read error and termination of the jcb.

12



FLOW CHART FOR SETTING UP INPUT DATA DECK

IR:UN NAME

/INPUT
PHOPTS ORCORPrI3

PATERN, F'LTING, D!AGO'N
HLFNHF ,ABSQNT

/ OUT PUTIALTPCH,ST'DPNT,PHOUT I
LPIOUT 2, DPUNCII, TEIPMNL

# DIMENSIONS, #POINTS/'DI MENýSIO-N]
# OF QUANrIZED LEVELS

#OF GROUND TIRUTH CATUGORIES (4110)

(TiOUT 1 IS SPECII'IED%

YES NO

POTO SIZE (STD)PNT IS SPE-CHfIED

MX MY (2110)-

YrS NO

Q~~~TERNi ISSEtII if (2110)j

NO YES -K'!IE 1

CLASSIF[CATION~ ATERN iS SPECFE

F ___Y!T N
LST or i~ CASIFICAiON

fI1U.4X,A6) --

F'C.ro1a



DIAGON IS SPECIFIED )

NO YES

GAIN MATRIX
(8O10.5)

NORMALIZEDL________ _ ORUNORMALIZE D
L1

( PHOPTS IS SPECIFIEDR

YES NO
I ....

PATERN OP. STDPNT IS SPECifIE)D-)

YES NO

FORMAT FOR
IDENTIFICATION

EcROUND TRUTH IDENTIFICATION

FORMAT FOR DATA]

I-DATA]

N.xT sET'r or t)A'rA OR 3-l'O

1I b.

'4
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III. FILE USAGE AND SUBROUTINE ORGANIZATION

Blank common storage carries ali problem parameters and user options

(CORPTS, PHOPTS, etc.), as well as providing a 24,000-word scratch area.

Many routines in different links require such parameters as the number of
dimensions of the current problem, the number of points being processed,

and the number of ground truth categories.

All other communications between links are handled by tape, disc,

or drum files. The program requires nine files-- 01, 02, 03, 04, 09, 10,

11, 20, 21 - as well as the input (05), output (06), and punch (43) files

normally used in FORTRAN. Figure 2 describes file usage, and Figure 3

illustrates how much storage is needed on each of the files.

The Bayes program, as mentioned before, requires 36,000 words of

storage in the computer core, of which 25,000 may be shared during loading.

The program has been observed to process 350 sixteen-dimensional data

points in less than ten minutes' processor time.

15



'r+z 0 LINK A1 I
r+ MAIN

LINK A2 2

INPUT 9

123 3I o
9I

FPR I

oI 21

L9 (D

LINK A3

01

a). I

100

I -C

1,2,9A

LINK B3 I
DMP

I LINK A4
PLOTTER

2

Figure 2. Tapo Usage
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FILE NUMBER OF WORDS NEEDED

01 Total points

02 Total points

03 (Total Points) * # dimensions

04

09 (Total Points) * # dimensions

10 2*(total points)

11 1/2*(total point)

20 2*(# unique n-tuples in data)

21 (Total Points) * # dimensions

Figure 3. Storage Requirements for the Tape or Disc Files

17



The program organization is briefly described below. Listed first

are the mainline and CHNXT, the system supevisor, followed by the six-

character link names used during overlay processi-g. Under each link

name are listed the routines contdizled 'in ti(e link. Link names containing

the alphabetic character "A" refer to links -.ssential for proper dcta pro-

cessing: link names containing the alphabetic character "B" refer to links

which outpu. intermediate calculations, but which do not contribute to the

overall progranr results.

LINKB2

..... (mainline) -- reserves all common storage, provides entry

point to program, and contains comment cards stating program para-

meters and input deck setup.

CHNXT -- a small resident program used to control the entry and

exits of the different links. This routine must comply with the

overlay rules of the operating system in use.

LINKAi

MAIN -- parameter input and selection is accomplished in this

routine. Also, if the photo classifications and the gain matrix must

be reau in, it is done in MAIN.

FORM -- selects and places in common all formnats affected by

terminal or non-terminal use.

LINKA2

INPUT -- performs data input, sdves every even point for later pro-

cessing if desired, and changes data to alternate form If called for.

FPR- I'PRI -- searzhs data for tht" maximum and minimum points so

that proper quantization an,. shi ftinj may be doune in INPUT.

DCEF -- defines the single-character symbols to bo used in the

classification.
1 H'



TRANE-- prints a cross-reference between the single-character

symbols used in the program and the original symbols.

CHANGE -- an assembly language routine which creates a suitable

output format for the data.

LINKA3

PATERN -- Bayes program

OUTP -- prints out results of PATERN in eye-appealing format.

DECSON -- selects and assigns to each n-tuple the proper classi-

fication according to Bayes theory.

LINKB3

DMP -- used for debugging; prints out n-tuples vs. categories

and n-tuples vs. classification.

LINKA4

PLOTER -- classifies and plots input data according to n-tuplo

classifications.

SEARCH -- searches a list of n-tuples to iind the list element which

is closest in distance to another n-tuple.

IDIST -- calculates n-dimensional space distances.
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PART III

EXAMPLE PROBLEM AND PROGRAM LISTING



IV. EXAMPLE PROBLEM

Suppose the problem 4s to input a set of data in photographic form,

punch out the data in the alternate form, print the data identification, and

then classify a new set of data. Let there be nine points in the horizontal

direction and ten points in the vertical direction for the first data set. The

data appear in Figure 4a. For the first part of the problem, the program must

produce an alternate data deck, a print-out of the idontificatlun, ,ind a Bayes'

classification based on the iirst set of input data.

The first card is the title card. The next two cards specify the

input and output options needed. The options start in column IS and are

separated by commas. The data are in photographic form, so the input

card is:

/IN PUT PHO PTS, PATERN

The output card is:

/OUTPUT ALTPCH, STDPNT

The parameter card follows. From the flow chart we see that the fourth card

must specify the number of dimensions per measurement (number of photo-

graphs), total number of measurements, number of quantized levels, and

number of ground trith categories. In our example the number of photographs

is two and the numb'-r of measurements is ninety. We wish to quantize the

data to ten levels and there are two ground truth categories. The fourth

card thus appears as:

2 90 10 2

Since PHOUTI is not specified and STDPNT is, the fourth card must specify

the photograph size, which is nine points horizontal by ten vertical. The

fifth card appears as:

9 t0
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111151111 51115

111151111 15151

111151111 11511

111151111 15151

555555555 51115

555555555

111151111

1111i ] 11

111151111

111151111

11115i111

Photo 1 for Test 1 Photo 1 for Test 2

222262222 32223

222262222 26262

222262222 22322

222262222 23232

333333333 62226

333333333

222262222

222262222

222262222

222262222

Pholo 2 for Test 1 Photo 2 for Test 2

Figure 4 d. Data for Test i Figure 4b. D)ata for Test 2
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Since PATERN is specified and DIAGON is not, the user must supply

the gain matrix. Suppose we choose a gain matrix where we gain ten for a

correct decision and lose five for an Incorrect decision, as illustrated in

Figure 5.

10 -5
-5 10

Figure 5 . Gain Matrix

The sixth card, specifying the above matrix, is

10. -5. -5. 10.

We must now indicate how the a priori probability distribution Is estimated.

We choose to suppose that each identification group has equal probability.

Therefore NOPMALIZED is specified on the next card,

NORMAL.IZED

The data are in photographic form, so the format for the ground truth identi-

fication must come next. In our example this would be:

(9A1).

After the identification format, the identification itself comes:

AAAABAAAA

AAAABAAAA

AAAABAAAA

AAAABAAAA

BBBBBBBBB

BBABBBBBB

AAAABAAAA

AAAABAAAA

AA;'ABAAAA
22
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Finally we reach the format for the data, the data itself, and the STOP card.

In our example these appear as:

(911)
111151111
111151111

111 151111
111151111
555555555
555555555
111151111
111151111
111151111

111151111

222262222
222262222
222262222
222262222
333333333
333333333
222262222
222262222
222262222
222262222
STOP

The input data deck is illustrated in Figure 3.

At this point we must run a job with the input deck as shown in Figure

6. The job produces a punched deck of tne Bayes classification. We must

now identify a new set of data which is illustrated in Figure 4b. This is

done by a separate job. The first card is, as usual, the title card. The

second and third cards are tht. input and output option cards. The new set

of data is in photographic form, and we wish to have a print-out of the iden-

tification for it, based on the classificdtion of the previois job. The next

cards thus appear:

/INPUT PHOPTS

/OUTPUT FHOUTI

Thera are two dimens!ons, twenty-five inea3uremonts, ten quantized levels,

and two identification groups. The fourth card is:

23



2 25 10 2

Since PHOUT1 is specified, the next card must indicate the photographic

size which is, in our example, five points horizontal by five vertical. The

next card is thus:

5 5

The number of quantized measurements in the classification and the Bayss

classification itself come next. These cards were obtained from the output

of the previous job.

For our example, they are:

3
65.02 35.02 21.01

All that now remains is the format for the data, the data itself, and the

STOP card.

(5I1)
51115
15151
115l1
15151
51115
32223
26262
22322
23232
62226
STOP

The input data deck is illustrated in Figurte 7.
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32 WRITE (6.rkT14) IDLM n 32 33
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34 LINE-LINE.1 ft 34 37
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42rI (44-LINI.,LT.0) SO T0 6 0 42 57
43 L.LINE-23 0) 43 60
44 IF (1.1.0ED 11S TO 6 n 44 61
45 WRITE t6.FmTi4) IOL(6) 0 45 64
46 6 CONTINUE M 46 67
47 7 LINE-LINE.1 n 47 69
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83 WRITE 16.F"T16) ITM n1 63 99
t64 LINE.?' n 64 102
65 .0 12 J.1,N 0 65 103
66 .INE-LINE.1 0 66 104
67 WRITE 16.F-757) J.I(RESULT1.00),I.III) M 67 105
60 IF (44-LINE.LE.0) G0 TO 11 n 68 111
649 L-LINE-23 0 69 114
70 IF (L.LE.O) GO TO It 0 70 115
71 WRITE 16.FmT14) IDL..) 0 71 118
72 11 LINE.LINE.1 0 72 121
73 WRITE (6.151 nl 73 122
74 IF (44-LINE.LE.0) 60 TO 12 n 74 124
75 L-LINE-23 0 75 127
76 IF (L.LE.0) GO TO i2 0 76 j2a
77 WRITE 16,FmTI4) 101(1) 0 77 131
70 1? CONTINUE 0) 78 134
79 13 LIwEmLINE.1 M 79 136
00 L-LINE-23 0) 80 137
81 IF IL.C.T.20) GO To 14 M 81 138
A2 WRITE 16.r6T16) IDL(LI 0 6? 141
83 G0 TO 13 0) 83 144
A4 14 RETURN 0 8 4 145
11% C ... n 85
06 C 0 66
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M9379 01 flO-2'6V 21 .q06 Cmnr)P ENSCUY104 REPORT

FORTRAN N!-ECK.(,M"9XER
SUPROUTINF SFAoCw ChCPT.KLAS. 4K.SyNROL.*J2.ý,P.K.LFVE-I

DIHENSIO~. kl;T(P), KLAS(P), SY06)i 2
PIAIENSION ýI'(100)
DImEflSION JISjT(2) 4
COMMO'N /jI'TT IST 5
DATA SY1A1PI0IT14.WH1k.H TJti.HH41N1

C K 15 THE CATEGORY NUqRER
c SYMPOL 1S THE CATFOrnY conE
c XX IS THF C04PACTFD jTtIPLS
c .J? IS UPPI-A LIMIT FOR APT AND KA..A ARRAYS
C LO~OK FOR rOMPACTED N-TUPLIF KR 14 LIST

AS-0 p 9

AL .J?.1 P 10

XTRY-(KS-AL )/2 P1
I CONTINUE

IFCKK-KFTVII'TYI) 3.4.2
2 IF tUKL.AS).IE.1) GO TO 5 P 13

KL-KTRY p 1

ATRY: IAL.AS. )/2 15
GO TO 1 16

3 IF CKL-KS.LF.11 GO TO 5 1

KS-KTRY o I

KTRYýIKL.KS)/2 P 19

GO TO' 1 P 20
4 4KXLAS(KTRvC P 21

SYmBOL -SY(CK) o22

RE TURN P 23
5 CONTINUE 0 24

C XK CANNOT 6E FOUND DO NEA4FST NFIGHROR SFARCW
JI1.ITIST(Kw,KPT(1 ).NP.LEVEL)
L-1

00 7 J-2,J2 v 29
I2-IT)ISTfKK,wPTCj).NP.LFVEL)
IF (T1.LT.12) r.0 To 7 p 30
IF fUl.NF.12) GO TO 6 p 3
IF(L.GT.99# GO TO 7

L -L*' o 32
AR CL,- P 3
GO To 7 p35

6 CONTINUE P36

11-12 37

7 CONTTINUE *40
X.RCH) 1ST) 44
K-X.F LOAT(IL-1)11.5

C KR IS TH,; ARRAY CONTAINIP45 TWdO INDEXES FOR ALL THISE POINTS IN
c THE KR? ARRAY W)ItCH ARE CLOSEST TO Xg
C L Iý THF JPPEA LI'mI

T 
OF xP

C HF WILL CH~OOSE ONC POINT FROM TWE VP ARRAY AT RANCOM AND

C ITEN'T'Fy KR WITH THE CATEGORY 0F THE POINT IN KoPT ASSOCIATEn WITH
C THE RANDOmLY CHOSEN ONE

0 K.KLASCA) p 46
SYM90~L.SYv(K p 7

RET UP N 48
END p 9.

t9379 01 05-25-69 21.006 CMD'X EX5CUyION REPORT

I FORTRAN NITECK.COMOK 101ST
FIJNCT ION IC.IST(KO.KP.NP, LEVEL)
hItS? .0
AR S KG
LL8KP
NR1 SNP-1
D0 I J-1,NPI
KXKA/LF YE)
LloXK-X*LEVEL
I aL)/LFVYE)
L2-LL-I*LEVEL
IK-KK
LLS I
I 101miDIsT*.Ll *L2GII1-.7I
IDIST-IDIST*(K-lIe(K-I)
RETURN
END
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TEST DATA

LABLE TABLE

PLOT SYMBOLS VS IMPUT SYMBOLS

A A

TEST DATA
ABBA89BABA

TRAINING REGIONS ABBAORBABA

ABBRASBR9ABA
ABBABRRABA ABBAI3RBABA
ABBABPBABA ABBABRGABA
ASBBARPRAA ABBABRRABA
ASBABABABA ABBABRBABA
ASBBAB8ABA ABBAB99ABA
ABBA813BABA ABBAPRBABA
ABBABBBABA A139BAURAgA
ASBBAPBABA ABBABSBABA
A138ABRBABA ABBABPPBABA
ABBABRBABA ABBABA13ABA
ABBABPBABA ABBABABABA
ABBABRBABA ABBABABABA
ABBABRBABA ABBABaBABA
ABBA888ABA ABRASBRABA
ABBABRBABA ABBABABABA
ABBABRPABA ABBABARABA
ABBABRBABA ABBABRPABA
ABBABROABA ABBABNBABA
ABBABABABA ABBABARABA
ABBABRBABA ABBAORBABA
ABBASSBABA ABBA94RABA
ABBABRBABA ABBABRRJABA
ARBABFIBABA ABBABRBABA
A8BABPBABA AAAAAAABBR
ABBABPBABA AAAAAAABBR
ABBABBBABA AAAAAAARBBB
ARBABR13ABA AAAAAAARBB
ABBABBBAGA AAAAAAAP8R
ABRABRBABA AAAAAAABBR
ABBABSBABA AAAAAAA9BB
ABBABRPABA AAAAAAABBB
ABBABFIBABA AAAAAAABOL4
ABBA88BABA AAAAAAAR88
A88ABRBABA AAAAAAABBP
ABBABSPABA AAAAAAA138H
ABBA8RBABA AAAAAAA8B0
ABOA84BABA AAAAAAA088
ABBABABABA AAAAAAABBR
ABBABABABA AAAAAAAIR9H
ABBABSBABA AAAAAAA99A
ABBABABABA AAAAAAARBR
ABBABABABA AAAAAAAROH4
ABBABA9&BA AAAAAAAHBH
ASBABOBA8A AAAAAAAB99
ABBABABABA AAAAAAABBA
ABS48BRABA AAAAAAARBW
ABBABQBABA AAAAAAA149I8
ABBAONRABA AAAAAAAUBOH
ARBABARABA AAAAAAAR9IH
ABRBAURABA AAAAAAARBBP
ABBABNRAAA AAAAAAA14614
A88BABBABA AAAAAAARR'4
ABRABrISABA AAAAAAAR814
ASBABABSAA AAA&AAAARGH
ABOAABADAA AAAAAAAPBS4
ABBABOABAA AAAAAAARSBi
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TEST DATA

LABLF TARO-

PL.OI SYHROLS VS IP4PUT SYMBOLS

A A

TEST DATA

TRAINING REGIONJS ABAABRASAA
ABAABARAIAA

ABAABPABAA ABAABBABAA

ABAABBAPAA ABAAAA
ABAA813APAA ABAA13PASAA

ABAABRAIBAA AOAABRAPAA

ABAA13PAIPAA ABAABRAPAA

ARAABPAPAA A13AA13RABAA
ABAABRARAA ARAABRAEPAA

ABAABPAPAA ASAABPABAA

ABAABqABAA AR3AABRPASA

ARAABRABAA AeAABRARAAA

ARAAA8PARA- A9AABRAIPAA

ABAABrARA- A1AABRABAA

ABAABPAPAA ABAABRASAA

ASAABIA~AAA ABAABRARAA

ABAABRAFAA ABAASARAAA

ASAABPAPAA ASAABBABAA

ARAABPAPAA ABAA9nARAA

ABAASPA~kA ABAL8SABAA

ABAABE3AFAA ASAABPA~AAA

ABAABPAPAA ABAABRASAA

ABAAiBPAHAA ABAABRABAA

ABAAenABAA ASAABP,.3AA

ABAABRAPAA ARAABRABAA

ABAABPABAA AAAkAAB8BB
ARAABPABAA AAAAAAB~BB
ABAABPABAA AAAAAABRBO

ABAABBASAA AAAAAA8988

Af)A ABFA B AA AAAAAABABH

ABAABPIARAA AAAAAA8~98S

ABAABRAqAA AAAAAABRBb
ABAAfBAARAA AAAAAA89B4

ABAABRA9AA AAAAAA8BBB
AF3AABPAPAA AAAAAA888I8

APAABAABAA AAAAAA888P

ABAABPABAA AAAAAARBSP

ABAAB41APAA AAA&AAABRBH
ABAA9PA8AA AAAAAABBBA

ABAABRA9AA AAAAAAB8868

ABAABRASlAA A AA A AABISB4

ABAABRARAA AAAAAAFBBBB
ABAABPAPAA AAAAAA9BOB9
A3AASPARAA AAA4AA8PBR8
ABAABPARAA AAAAAA89913

ABAABRARAA AAAAAABAB?
ABAABRABAA AAAAAA8P99

ARAA84ARAA AAAAAASS84

ABAABFIAPAA AAAAAAR88O

ASAABPABAA AAAAAABPBR
ABAAOIPAPAA AAAAAARP9IU

ABAABRABAA AAAAAAP99H'
ABAABPARAA AAAAAA4PB8

A9AA9RAAAA AAAAAABPBPI
ABAABRAPAA AAAAAABPBB

ABAABPABAA AAAAAABRSH

ABAABPABAA AAAAAA9BA6

ABAABRABAA AAAAAA9FIBR
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TEST DATA

PhifTO CLASSIFICAIIOEIPAkAS

S AP~USA oilR
0
APPA

::".P:: AA9 ~ ~ '

BA p AIPA 0 ftA :0ADn9 A

PISAflBQR9A QpAQ88QARPA

PP:AR8QAPSA RSAORDA:A

03A K 9APP -P n8LA h8AAA

SBAO8 an PPARenAaei

PRACB-AR9A P~A::8AoeA~
PRAPBOAP6a 9.eA8

PBAPROfAR A ABafO

PRARBRAQ8A paAIA:.:A88

:6nRARQ!9:A OwA~oA94A

8 pe ;SPA R A q 9 AA A A
0 ~'~AA . PAARAAPAQA

" 81, ARA :AAnAA qAqPA
RABFAfaAR'SA BAAPAAABAS

Re, F4 " A B.AA.A PA
B9RAPBOARB5 PAA -!BAAA
8ABRA p 4A PA94AflABAA

BOASAR9IA-8A I AA:AAABA
BRA on 0 A OAAP AADAA
BRA:8-4APBA4 ?AARAA!RAL
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SIAAP

0
ABA :AA .A&PS

OBAqsp~ao A a AARAAýAq:

PRA98AB~a,9 PARAS

PAIIASYARRA SAAPB
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4A BA ARPAp: B AQAA
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TEST DATA
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